A feasibility test of a new method to polarize beams of strongly interacting charged particles circulating in a storage ring is described. The stored particles, here protons, pass through a polarized hydrogen gas target (thickness 6 x 10 H/cm ) in the ring some 10' times and become partially polarized because one spin state is attenuated faster than the other. The polarization buildup is clearly demonstrated in the present experiment.
The study of current problems in nuclear and in elementary particle physics oRen requires the use of spinpolarized projectiles. Polarized protons and polarized neutrons were produced for the first time some 40 years ago in experiments in which an unpolarized target was bombarded with an unpolarized beam [1] . For a number of different reactions, the particles emitted at angles 0 g 0' were found to be partially polarized. The polarization of the particles was detected as a left-right asymmetry in a second scattering or reaction which served as the polarization analyzer (double scattering).
A major difficulty in this method to produce polarized particle beams is the large loss in intensity and the large spread in angle and energy introduced by nuclear scattering from a target. For beams of protons and deuterons, these problems have been overcome by the development of sources of polarized ions, i.e. , the preparation of polarized atoms by atomic methods (e.g. , Stern-Gerlach separation) and subsequent ionization of the atoms to produce polarized ions [2] .
Here we report the first feasibility test of a new method to polarize beams of strongly interacting charged particles. The method is of particular interest for the production of polarized antiprotons, for which the construction of polarized ion sources is not feasible, and for which the large loss in intensity resulting from the double-scattering method has so far prevented experiments with beams of polarized antiprotons.
The method can be described as spin-selective attenuation of the particles circulating in a storage ring. The idea was first proposed by Csonka [3] : a polarized target -in our case a target of polarized hydrogen gas (t) -is inserted in a storage ring. The particles stored in the ring pass through the target for a sufficiently long time that a fraction of the particles is lost by nuclear scattering in the target. Since in general the total strong interaction cross section is different for beam and target spins parallel (t't') and antiparallel (TJ,) , one spin direction of the circulating beam is depleted more than the other, so that the circulating beam becomes increasingly polarized, while the intensity of the beam decreases with time.
The method has been referred to as a "spin filter" since the spin-selective attenuation amounts to a Alter which is more transparent to one spin [4] P(t) = tanh(t/r, ) .
(2)
The time constant r1, which characterizes the rate of polarization buildup, is rg = 1/agPTn. f, (3) r = 1 / (o ro+ or) n f (5) depends on the spin-independent part of the nuclear total cross section oo. Here we have added to uo a cross section o~to represent the loss of particles by small-angle Coulomb scattering either in the target or in the residual gas of the ring. While the total cross section for Coulomb scattering diverges if one neglects screening of the nuclear charge by the atomic electrons, o.~i s finite because particles scattered by suKciently small angles are within the ring acceptance and thus are retained. The limiting angle that is still accepted, and thus o.~, depends on the ionoptic properties of the ring (P function) at the position of the target.
In order to build up significant polarization, the beam has to pass through the target for times t of the order rq [Eq. (3)]. At best, the magnitude of o. q is of the order of the total strong interaction cross section, or about 100 mb for pp scattering at 30 MeV [5] . For a revolution frequency of f = 10s s~, which is typical for lowenergy proton and antiproton rings, and an assumed target thickness of n = 10 atoms/crn, Eq. (3) leads tõ 1 --105 s or about one day. Here we consider only relatively low energies of the circulating beam because with increasing energy the strong interaction cross section decreases, leading to even slower polarization buildup. We now discuss the internal polarized gas target which is required for the spin filter method. In principle, a hydrogen polarized gas target can be produced by use of a jet of polarized atoms from an atomic-beam source (see, e.g. , Ref. [6] ). However, the target thickness provided by such a jet is only about 2 x 10 H atoms/cm~. A test of the spin filter method thus requires an improvement in target thickness of the polarized H target by a factor of several hundred. For the present tests, this was accomplished by injecting the polarized atoms into a windowless T-shaped storage cell [7] , through which the circulating beam passes. The polarized atoms make some hundred wall collisions before they exit from one of the ends of the tube. Depolarization of the atoms in wall collisions is suppressed by coating the cell walls with a where n is the target thickness in atoms/cm and f is the revolution frequency of the particles in the ring. Measurements of e were continued for 10 -30 min after the end of the polarization buildup. During the beam polarization measurement the target polarization is reversed many times, so that no further buildup of polarization occurred. Reversal of the target polarization was controlled by a beam current integrator, which integrated the intensity of the circulating beam until a predetermined amount of charge (760 pC) had passed through the target. The circulating beam was measured nondestructively with a dc current transformer.
The (10) where PT is the magnitude of the target polarization during the beam polarization measurement. The asymmetry e, measured after filtering the stored beam for diferent lengths of time, is shown in Fig. 2 Fig. 2 ). The quality of the data at present is not sufficient to tell whether the polarization buildup is slower than expected from Eq. (10) (straight lines in Fig. 2 (Fig. 2) . Therefore, interesting experiments on the spin dependence should be possible, even if the achievable polarization of the stored antiproton beam were only a few percent.
